Abstract. Forkhead box Q1 (FOXQ1) is a forkhead transcription factor that is involved in numerous biological processes and has been shown to participate in tumorigenesis. However, the clinical significance of the expression of this protein in laryngeal carcinoma, and the mechanisms underlying its regulation in this disease remain unclear. The aim of present study was to measure the expression of FOXQ1 in laryngeal carcinoma, and to examine its effect on tumorigenesis. In the present study, reverse transcription-quantitative polymerase chain reaction and western blotting were employed to measure FOXQ1 expression in laryngeal carcinoma tissue samples, small interfering RNA specific to FOXQ1, was transfected into Hep2 cells and its effect on cell proliferation, cell cycle progression and cell migration was examined, using a CCK-8 assay, flow cytometry and a transwell migration assay, respectively. The results showed overexpression of FOXQ1 mRNA and protein in laryngeal cancer tissue samples. Inhibition of FOXQ1 suppressed cell growth and invasion, and arrested cells in the G0/G1 phase. Overexpression of FOXQ1 is associated with the development of laryngeal carcinoma and may enhance tumorigenesis through its effects on cell proliferation, cell cycle progression and cell migration.
Introduction
Head and neck squamous cell carcinoma (HNSCC) is the eighth leading cause of cancer-related mortality worldwide (1) . Laryngeal squamous cell carcinoma (LSCC), the second most common malignant neoplasm of the upper respiratory tract, is a subtype of HNSCC (2) . Approximately 10,000 new cases of LSCC are diagnosed each year in the United States (3). In China, the incidence of LSCC is increasing, particularly in the country's Northeast region (4) . Significant predisposing factors to the development and progression of LSCC, include alcohol abuse and tobacco (5) . Early stage LSCC may be effectively treated with surgery or radiotherapy (6) . When diagnosed at an advanced stage, this disease usually requires a combination of treatment modalities. However, although such combined therapy has improved local control and overall quality of life, the local recurrence rate varies from 10-50%, depending on tumor stage and the overall survival rate has not improved significantly over two decades (7, 8) . Therefore, it is necessary to identify novel biomarkers for use in the diagnosis of LSCC. In addition, the study of the molecular mechanisms underlying the development of LSCC may improve treatment and increase survival for patients with this disease.
Forkhead box Q1 (FOXQ1, also termed HFH1) is a member of the forkhead transcription factor family (9) , which is involved in a variety of biological processes, including epithelial differentiation (10) , cell cycle progression (11) , embryonic stem cell differentiation (12) , metabolism (13, 14) and carcinogenesis (15) (16) (17) . As one of the first forkhead genes to be investigated, FOXQ1 has been demonstrated to be involved in metabolism, aging (18) and carcinogenesis (19) . Overexpression of the FOXQ1 protein is associated with epithelial-mesenchymal transition (EMT) and a poor prognosis in certain types of cancer, such as non-small cell lung cancer (20) and breast cancer (21) . However, little is known regarding FOXQ1 expression in LSCC and its involvement in the pathogenesis of this disease. The present study aimed to investigate the effect of FOXQ1 expression on the development and progression of LSCC, by measuring its expression in LSCC tissue samples, and investigating its effect on cell proliferation, cell cycle progression and cell migration. RNA isolation and RT-qPCR. Total RNA was extracted using TRIzol™ reagent (Invitrogen Life Technologies) for analysis of FOXQ1 and GAPDH mRNA expression, according to the manufacturer's instructions. RNA was reverse transcribed, using the Reverse Transcription PCR kit with Oligo-dT primers and RT-qPCR was conducted, using SYBR-Premix Ex Taq™ (Takara Bio Inc., Shiga, Japan), according to the manufacturer's instructions. For detection of FOXQ1-mRNA expression, qPCR was performed under the following conditions: Denaturation at 95˚C for 30 sec, followed by 40 cycles of amplification (annealing at 95˚C for 5 sec and elongation at 60˚C for 30 sec). GAPDH was used to normalize FOXQ1-mRNA expression levels using the 2 -ΔΔCt method. The following primers were used: Forward, 5'-ATTTCTTGCTATTGACCGATGC-3' and reverse, 5'-CCCAAGGAGACCACAGTTAGAG-3' for FOXQ1 and forward, 5'-GGAAGATGGTGATGGGATT-3' and reverse, 5'-GGATTTGGTCGTATTGGG-3' for GAPDH. All primers were purchased from Takara Bio, Inc. Cell cycle and apoptosis assay. For analysis of cell cycle progression and apoptosis, mock and transfected cells were fixed in 70% cold ethanol for 30 min. After washing with cold phosphate-buffered saline (PBS) 3 times, the samples were centrifuged at 500 x g for 5 min. The pellets were then suspended and stained with 10 mg/l propidium iodide and 100 mg/l RNase for 20 min. The distribution of cells in each phase of the cell cycle and the proportion of apoptotic cells were analyzed using FACScan cytometry (Becton Dickinson, San Jose, CA, USA).
Materials and methods

Patients
Matrigel invasion assay.
Following transfection for 24 h, 2x10 5 Hep2 cells were suspended in culture medium with 1% FBS and plated in the upper chamber of the Transwell plate with matrigel-coated membrane (Becton Dickinson). Cells were incubated for 36 h, following which, cells that had not invaded through the filter were removed. Cells on the lower surface of the membrane were fixed with 4% paraformaldehyde for 15 min, then washed with PBS and stained using hematoxylin and eosin, according to the manufacturer's instructions. The number of cells on the membrane were counted under a microscope (CX31; Olympus Corporation, Tokyo, Japan). The number of migrated cells was expressed as the mean value of five randomly-selected fields. Each experiment was repeated three times.
Statistical analysis.
All values in the present study are reported as the mean ± standard deviation of three independent experiments. The paired samples t-test was used to compare the expression of FOXQ1 mRNA and protein between LSCC and adjacent tissues, while one-way analysis of variance and 
Results
FOXQ1 expression in LSCC tissues and adjacent normal tissues.
Total RNA was extracted from 30 pairs of LSCC tissues and adjacent normal tissues and subjected to RT-qPCR in order to measure the expression of FOXQ1 mRNA. Following normalization to GAPDH, the mean expression of FOXQ1 mRNA in LSCC tissues was significantly higher than that in adjacent normal tissues (1.54±0.66 vs. 0.75±0.28; P<0.05; Fig. 1A ). FOXQ1 protein expression was also measured by western blotting in the same samples in which FOXQ1 mRNA expression was measured. The results demonstrated that FOXQ1 protein expression was increased in 19 of 30 LSCC tissues (~63%), compared with matched adjacent normal tissues. FOXQ1 protein expression was higher in LSCC tissues than that in adjacent normal tissues (Fig. 1B;  P<0 .05). These findings were in accordance with the FOXQ1 mRNA expression data. By contrast, analysis of the association of FOXQ1 expression with characteristics, such as patient age, gender and tumor stage, revealed no significant associations between these variable (data not shown).
Inhibition of FOXQ1 following siRNA transfection in Hep2 cells. Following transfection of Hep2 cell with FOXQ1
siRNA for 72 h, the expression of FOXQ1 mRNA and protein was detected by RT-qPCR and western blotting. Cells were also transfected with FOXQ1-NC as a negative control. The results are shown in (Fig. 2) . Following transfection with FOXQ1 siRNA, Hep2 cells exhibited significant downregulation of FOXQ1 expression at the mRNA and protein levels ( Fig. 2A and B ; P<0.05).
Downregulation of FOXQ1 expression reduces proliferation of Hep2 cells.
Cell proliferation was determined using a CCK-8 assay. The results demonstrated that downregulation of FOXQ1 in Hep2 cells resulted in a significant reduction in cellular proliferation at 4, 6 and 8 d after transfection (P<0.05). This indicates that suppression of FOXQ1 correlates with decreased proliferation of Hep2 cells (Fig. 3) .
Inhibition of FOXQ1 induces G0/G1 arrest, while it has no effect on apoptosis in Hep2 cells. Flow cytometric analysis of the cell cycle demonstrated that inhibition of FOXQ1 in Hep2 cells reduced the proportion of cells in the S and G2/M phases, and more cells were arrested in the G0/G1 phase compared with cells in the control group (Table I) . Furthermore, apoptosis of FOXQ1-NC-and FOXQ1-siRNA-transfected cells was examined using flow cytometry. As shown in Table I , after 4 days, 2.42% and 2.84% of control cells and FOXQ1-NC cells were apoptotic, respectively, while 2.95% of FOXQ1-siRNA cells were apoptotic. No significant difference in the level of apoptosis in Hep2 cells was detected among these groups.
Effect of FOXQ1 silencing on cell invasion in Hep2 cell lines.
The results of the matrigel invasion assay demonstrated that the number of migrating cells was significantly decreased in the FOXQ1-siRNA transfection group, compared with that in the control group. The numbers of invading cells in the mock and FOXQ1-NC groups were 21.46±3.35 and 19.29±3.16, respectively, which were significantly higher than the number in the FOXQ1-siRNA group (10.24±2.52; P<0.01; Fig. 4 ). (23, 24) . A recent study reported that FOXQ1 promotes glioma cell proliferation and migration by suppressing the promoter activity of neurexin-3-α (NRXN3) (25) . Overexpression of FOXQ1 may enhance tumor growth and tumorigenicity of colorectal cancer (19) . Furthermore, overexpression of FOXQ1 is associated with a poor prognosis in non-small cell lung cancer (20) and with EMT regulation, via inhibition of E-cadherin transcription (26) . To date, little is known regarding the mechanism underlying the effect of FOXQ1 on the development of human laryngeal cancer.
In the present study, FOXQ1 expression was upregulated at the mRNA and protein level in LSCC tissues, compared with adjacent normal tissues. However, no significant association was detected between FOXQ1 expression level, and gender, age or tumor stage in patients with LSCC. In order to examine whether FOXQ1 is involved in the development and progression of LSCC, RNA interference was used to reduce the expression of FOXQ1 in cultured Hep2 cells. Significant inhibition expression of FOXQ1 was observed with RT-qPCR and western blotting. In vitro suppression of Hep2 cell proliferation was analyzed, and the results demonstrated that, compared with FOXQ1-NC and mock cell groups, the proliferation of Hep2 cells was significantly inhibited following transfection with FOXQ1-siRNA.
In order to measure the effect of FOXQ1 on cell cycle progression, FACS analyses was performed, following transfection ofFOXQ1-siRNA. The results indicated that siRNA-mediated knockdown of FOXQ1, led to cell cycle arrest in the G0/G1 phase. Gao et al (27) obtained similar results and suggested that expression of FOXQ1 may affect levels of cell cycle regulators; depletion of FOXQ1 reduced the expression of cyclin E and CDK4 and increased that of the cyclin dependent kinase inhibitors (CKDIs), p27
Kip1 and p21
Cip1
, which together prevented cell cycle progression.
Kaneda et al (19) and Qin et al (28) demonstrated that apoptosis was inhibited in H1299 cells overexpressing FOXQ1 and in the 7721 hepatocellular carcinoma cell line, respectively. However, in the present study, no significant difference in the level of apoptosis was detected, following suppression of FOXQ1, among the Hep2 cell groups. These findings are in accordance with those of Gao et al (27) , which were conducted in the SKOV3 ovarian cancer cell line. It is therefore hypothesized that the effect of FOXQ1 on apoptosis may vary among different types of carcinoma. The mechanism underlying the influence of FOXQ1 on apoptosis requires further investigation.
The primary cause of death in almost all forms of cancer, including breast (29) and colorectal cancer (30) , is cancer cell metastasis to distant organs. The initial step in metastasis is the invasion of surrounding tissues by cancer cells, and tissue invasion and metastasis are hallmarks of malignant tumors. Suppression of the pathways involved in invasion and metastasis in cancer cells may be a treatment option for patients with cancer. The results of the transwell assay in the present study, suggested that deletion of FOXQ1 in Hep2 cells transfected with siRNA may significantly reduce cell invasiveness, which further indicates that FOXQ1 is associated with the aggressiveness of LSCC cells. Sun et al (25) showed that FOXQ1 expression directly affected glioma cell migration in an NRXN3-dependent manner in vitro and in vivo. Zhu et al (31) demonstrated that suppression of FOXQ1 expression reversed the process of EMT, in association with the upregulation of E-cadherin, and that it also caused T24 bladder cancer cells to acquire an epithelial cobblestone phenotype, resulting in significantly reduced invasiveness. These results suggest that FOXQ1 is involved in tumor invasion and metastasis.
The present study demonstrated that the mRNA and protein expression of FOXQ1 was increased in LSCC tissues, compared with normal adjacent tissues. The results also showed that inhibition of FOXQ1 by transfection of siRNA into Hep2 cells significantly reduced cell growth and migration, and arrested Hep2 cells in the G0/G1 phase, in contrast to the control groups. These results indicate that FOXQ1 exhibits an oncogenic role in LSCC, which is in accordance with the results of previous studies, conducted in different types of tumors.
In conclusion, the current study has demonstrated that FOXQ1 is overexpressed in LSCC tissues, and that it may affect Hep2 cell growth, cell cycle progression and cell migration. These results suggest that FOXQ1 is a potential therapeutic target in laryngeal cancer. However, the siRNA was only transiently transfected, no long-term effects on cells were examined, and in vitro effects may differ from in vivo effects. Therefore further in vivo evaluation is required.
